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57 ABSTRACT 
Thin film photovoltaic solar cells are made by forming 
the cell structure from a number of layers including the 
contact layers and semiconductor layers. At least one of 
the semiconductor layers is a tellurium containing II-VI 
compound. After the structure is formed, it is heated to 
temperatures above 300° C. and then rapidly cooled at 
rates greater than 10 C/s. Cells comprising CdS and 
CdTe have increased fill factor when the fabrication 
process includes heating and rapid cooling. 

10 Claims, 2 Drawing Figures 
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PROCESS FOR FABRICATING THN FILM 
PHOTOVOLTAC SOLAR CELLS 

BACKGROUND OF THE INVENTION 

While thin film solar cells, such as CdS/CdTe solar 
cells, made according to methods known in the art have 
achieved efficiencies near 10%, further improvements 
in efficiency require increased fill factor. In order to 
increase the fill factor of a cell the electrical resistance 
at the contact between the CdTe semiconductor layer 
and the contact layer needs to be reduced. A measure of 
this resistance is the slope of the current-voltage curve 
at the open circuit voltage point. Moreover, high effi 
ciencies have been mostly obtained using gold for the 
contact metal. However, gold is not only an expensive 
material, but there is evidence that cells utilizing gold 
contacts are not stable for long periods of time. There 
fore, there is a need for a fabrication process that pro 
vides for increased fill factor and permits substitution 
for gold with other metals. The art also teaches various 
etches for preparing the surface of CdTe before forming 
the contact. However, wet etching may not always be 
desirable or feasible for fabricating thin film cells. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a process for 
fabricating thin film photovoltaic solar cells, such as of 
the CdS/CdTe type, wherein there is an increase in fill 
factor. 

In accordance with this invention, the object of the 
invention is achieved by heat treating the cell after the 
contact layer has been deposited on the CdTe layer and 
then rapidly cooling the cell. 

THE DRAWINGS 

FIG. 1 is a side elevation view of a thin film photo 
voltaic solar cell formed in accordance with this inven 
tion; and 
FIG. 2 is a flow diagram showing the steps used in 

fabricating the cell of FIG. 1. 
DETALED DESCRIPTION 

FIG. 1 shows a thin film photovoltaic solar cell 100 
fabricated in accordance with this invention. As shown 
therein, cell 100 includes a transparent substrate 105 on 
which is formed a transparent contact layer 110. Trans 
parent substrate 105 may be glass or a polymeric mate 
rial. Transparent contact layer 110 is tin oxide, indium 
tin-oxide, cadmium stannate or other transparent con 
ductive oxide materials known in the art. 
Next is formed first semiconductor layer 115 and then 

second semiconductor layer 120. Semiconductor layers 
115 and 120 should be of opposite conductivity tyep. 
For example, first semiconductor layer 115 may be 
n-type CdS or (ZnCd)S and second semiconductor 
layer 120 may be p-type CdTe or HgCdTe. Finally 
contact layer 130 is formed. The specific materials and 
dimensions for the cell structure may be those conven 
tionally used in the art. 
FIG. 2 shows the steps for forming cell 100. Steps 200 

through 230 are carried out in the conventional manner. 
As indicated in FIG. 2, certain of the heating and etch 
ing steps (i.e., Steps 215, 225, 228 and 229) are optional 
Steps. 

Reference is made to the publication of Y.S. Tyan et 
al in Proceedings of the 16th IEEE Photovoltaic Specialists 
Conference (1983), p. 794, for Steps 210 and 220 of de 
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2 
positing CdS layer. 115 and CdTe layer 120 in an oxy 
gen-containing atmosphere at high temperatures using a 
method called "close space sublimation'. Step 225 is 
chemically etching CdTe surface 125 as taught in U.S. 
Pat. No. 4,319,019. The cell is completed by depositing, 
in Step 230, a metal layer 130, such as gold or nickel. 

Reference is made to U.S. Pat. No. 4,456,630 and the 
publication of B. M. Basol, in the Journal Applied Phys 
ics, Vol. 55, No. 2, (1984), p. 601 for the steps involving 
electrodepositing CdS and CdTe semiconductor layers 
115 and 120 (Steps 210 and 220); heat treating at 400 
C.in air for about 10 minutes (Step 228), followed by 
etching CdTe surface 125 (Step 229); and finally depos 
iting a conductive metal layer 130, such as gold, by 
evaporative techniques (Step 230). 
The improved process of the present invention in 

cludes, as Step 240, heating at a temperature of about 
300° C. to 500 C. for about 10 to 100 minutes and Step 
250 rapidly cooling to room temperature at a rate of at 
least 10' C./s and preferably at 100° C./s. Heating Step 
240 can be carried out in an oven or furnace or on a 
heated surface, such as a hot plate. It is preferred to 
carry out Step 240 in air at a temperature of 400° C. for 
15 minutes. Rapid cooling, Step 250, is carried out by 
removing the device from the furnace and placing it in 
thermal contact with a heat sink adapted to provide the 
required cooling rate. 

Experiments have been conducted to show the utility 
of heating and rapid cooling. These experiments were 
performed by first sputter depositing an indium-tin 
oxide TCO layer 110 on Corning 7059 glass substrate 
105 (Step 200). Next, the CdS layer 115 was deposited 
to a thickness of 5 microns by physical vapor deposition 
(Step 210). The specimen was heat treated (Step 215) 
for 3 hours in air at 350° C. CdTe layer 120 was depos 
ited in Step 220 to a thickness of 10 microns by close 
space sublimation in the presence of 2 torr oxygen and 
at a substrate temperature of 600 C. CdTe surface 125 
was etched (Step 225) according to U.S. Pat. No. 
4,456,630. A gold metal contact 130 was deposited in 
Step 230 by electron beam evaporation. Heating Step 
240 was conducted by placing the cell in the 400 C. 
zone of a quartz lined tube furnace for 15 minutes. Fi 
nally, rapid cooling Step 250 was carried out at an esti 
mated rate of 100° C./s by removing the cell from the 
furnace and pressing it against a precooled aluminum 
plate. 
Comparative experiments were also carried out. In 

order to test the effect of cooling rate, specimens were 
cooled slowly. The effect of heating and quick cooling 
prior to depositing metal layer 130 was also examined. 

It was found that rapid cooling gave higher fill factor 
and that the effect was essentially reversible with re 
spect to slow cooling. That is, when a cell made in 
accordance with the invention and having a fill factor of 
0.53 was heated for 15 minutes in air at 400 C.and 
allowed to cool slowly at a rate of less than 1 C./s, the 
fill factor diminished by 14% to 0.46. However, when 
the same cell was reheated and cooled rapidly at a rate 
of about 100° C./s, the fill factor was found to increase 
some 15% to a new value of 0.54. Examination of the 
current-voltage characteristics of this cell after each 
heating and cooling cycle confirmed that the observed 
changes in fill factor were due to changes in series resis 
tance. Furthermore, changes in open circuit voltage and 
short circuit current were negligible. 
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Regarding the significance of carrying out Steps 240 
and 250 after metal deposition Step 230, it was found 
that air heating Step 228 merely functioned as taught by 
the above noted Basol publication. The degree of effec 
tiveness depended on the conditions of CdTe deposition 
Step 220. For example, heating in air prior to depositing 
metal contact layer 130 was more beneficial for cells 
having CdTe deposited in an argon atmosphere than for 
CdTe deposited in an oxygen atmosphere. In either 
case, however, the rate of cooling had no effect. In 
contrast, heat treating and rapid cooling after contact 
deposition Step 230, in accordance with the invention, 
always improved fill factor. 

It was also found that etching Steps 225 or 229 can be 
omitted when the cell is heated and rapidly cooled 
according to the invention. 
These observations are consistent with the hypothesis 

that heating and rapid cooling act to improve the elec 
trical properties of the CdTe/metal contact. 

It is believed that the scientific principle governing 
the invention is related to the phase equilibria of CdTe. 
Examination of the phase diagram in W. Abers, "Physi 
cal Chemistry of Defects', Physics and Chemistry of 
II-VI Compounds, M. Aven and J. S. Prenner, eds. 
American Elsevier, N.Y. (1967) shows that the single 
phase region for CdTe is quite broad at temperatures 
above 400 C., but narrows rapidly at lower tempera 
tures. The implication of this is that slightly non-stoichi 
ometric CdTe will contain precipitates of Cd or Te if 
equilibrated at low temperatures. Rapid cooling, how 
ever, will "freeze in' the high temperature equilibrium. 
The process of the invention has also been applied to 

cells having a structure which is the inverse of that 
shown in FIG. 1. Such a cell would be fabricated by 
first depositing the CdTe on a suitable substrate, option 
ally heat treating the CdTe, next depositing CdS, and 
finally depositing a transparent conductive layer onto 
the CdS. Positive results were indicated when a cell 
having the configuration glass/metal/CdTe/CdS/ITO, 
with the semiconductor layers deposited by physical 
vapor deposition, was heat treated and rapidly cooled in 
accordance with the teachings of the invention. 

Substitution by (ZnCd)S for CdS and/or by 
(HgCd)Te or (ZnCd)Te for CdTe are within the scope 
of the invention. Moreover, the practice of the inven 
tion need not be limited by the method selected for 
depositing the semiconductor and contact layers. 
Among deposition methods that may be selected by one 
skilled in the art are: physical vapor deposition; close 
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4. 
space transport; close space sublimation; Sputtering; 
chemical vapor deposition; electrodeposition; Screen 
printing; electrophoresis; spray pyrolysis; electron 
beam evaporation; ion plating; and liquid phase epitaxy. 

Furthermore, it is contemplated that heating and 
rapid cooling in accordance with the teachings of this 
invention may be adapted by those skilled in the art for 
improving the electrical contact behavior of devices 
utilizing Te containing II-VI compound semiconduc 
tors such as tandem photovoltaic solar cells, optical and 
infrared detectors, photoemissive displays, light emit 
ting diodes, thin film transistors and the like. 
What is claimed is: 
1. In a method of fabricating thin film photovoltaic 

solar cells made by sequentially forming a first contact 
layer on a substrate, a first semiconductor layer, and a 
second semiconductor layer, and a second contact 
layer, wherein at least one of the contact layers is trans 
parent and at least one of the semiconductor layers 
comprises a tellurium containing II-VI compound the 
improvement being the steps of heat treating the cell 
after the second contact layer has been formed, and 
then rapidly cooling the cell at a temperature reduction 
rate of at least 10 C. per second. 

2. In the method of claim 1 wherein the heat treating 
step is at a temperature of from 300° C. to 500 C. for a 
period of time from 10 minutes to 100 minutes. 

3. In the method of claim 2 wherein the heat treating 
step is at 400° C. for about 15 minutes. 

4. In the method of claim 2 wherein the rapid cooling 
step results in a temperature reduction of 100° C. per 
second. 

5. In the method of claim 2 wherein the heat treating 
step is performed in air. 

6. The method of claim 2 wherein the rapid cooling 
step is performed by placing the cell in thermal contact 
with a heat sink. 

7. The method of claim 1 wherein one of the semicon 
ductor layers is selected from the group consisting of 
CdTe. (HgCd)Te and (ZnCd)Te. 

8. In the method of claim 8 wherein said one of the 
semiconductor layers is CdTe. 

9. The method of claim 8 wherein the other semicon 
ductor layer selected from the group consisting of CdS 
and (ZnCdS). 

10. The method of claim 10 wherein said other semi 
conductor is CdS. 
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